SUMMARY The development of a facial flush during thermocoagulation of the Gasserian ganglion was monitored in 16 patients with pulse recording techniques and in a further 17 patients with thermography. There was a close association between the development of the facial flush in the distribution of one or more divisions of the trigeminal nerve and the subsequent demonstration of postoperative analgesia. In regions where significant changes took place, vascular pulsations increased 25-233% (mean 96%) and facial temperature rose 0*5-2-0°C. The response persisted for up to an hour postoperatively, and was not diminished in patients with pre-operative analgesia from a previous procedure. Possible mechanisms for the facial flush, including stimulation of an active vasodilator system, the antidromic release of vasoactive substances from trigeminal nerve terminals and the release of tonic vasoconstriction are discussed. A practical application of the pulse recording technique used in the present investigation would be to monitor the distribution of vasodilatation at operation to avoid unwanted first division sensory loss.
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Flushing on one side of the face may follow an attack of trigeminal neuralgia' and has been observed after injection of alcohol into the ipsilateral trigeminal (Gasserian) ganglion.2 Rowbotham2 commented that facial temperature and skin colour did not alter after tractotomy, root section or intracranial neurectomy, and attributed the rise in skin temperature after alcohol injection of the ganglion to involvement of sympathetic fibres either in the ganglion or adjacent to it. Oka3 reported that temperature increased on one or both sides of the face following injection of alcohol into the Gasserian ganglion, the response reaching its peak 10-30 minutes after injection and persisting for 40-120 minutes.
Similar observations have been made after thermocoagulation of the Gasserian ganglion. Sweet and The increase in vascular pulsation in the cutaneous distribution of each division correlated positively with the demonstration of postoperative analgesia in that division (table 1, fig 3) . In a further five patients with pre-operative analgesia from a previous procedure, augmentation of vascular pulsation was observed in 8 of the 12 divisions studied (fig 3) . 
Discussion
The present findings confirm previous clinical observations of unilateral facial flushing in a divisional distribution during and after thermocoagulation of -the Gasserian ganglion. In most instances the flush was limited to the distribution of the division or divisions in which analgesia was detected postoperatively but it was occasionally observed in an adjacent division. Vasodilatation was usually maximal within 15-30 seconds of the start of the coagulation and a second lesion made during the same procedure had little or no additional effect. Possible mechanisms for the flushing phenomenon include the stimulation of a vasodilator pathway,5 the antidromic release of substance P or other vasoactive substances from terminals of the trigeminal nerve7 or the destruction of a tonic vasoconstrictor system. There is physiological evidence for both constrictor and dilator mechanisms in man. By studying skin temperature after blocking the supraorbital, greater auricular, external nasal, infraorbital and mental nerves, Fox, Goldsmith and Kidd8 concluded that the cutaneous circulation of the ear, lip and nose was subject to a tonic vasoconstrictor influence whereas active dilatation in response to heat was more important in controlling skin temperature of the forehead and chin.
Gonzalez, Onofrio and Kerr9 reported that stimulation of each division of the trigeminal nerve in the cat (9-12v, 1 ms pulses, 100 Hz for 2-3 min) caused an increase in skin temperature in the appropriate cutaneous distribution of up to 3°C for the third division, 2-20C for the second division and 1-0°C for the first. The response began after a latency of 5-8 s and lasted for 6-8 min. The vascular response was not altered by acute transection of the trigeminal root, was slightly depressed by chronic transection of the root, and was abolished by a combined lesion of trigeminal root and facial nerve. Stimulation of the facial nerve or its greater superficial petrosal branch evoked temperature increases which were abolished in the distribution of a particular division of the trigeminal nerve by transection of that division. It was concluded that the flushing response depended to a minor degree on fibres emerging from the brainstem in the trigeminal root but mainly upon greater superficial petrosal fibres which joined the Gasserian ganglion and were distributed with each of the three divisions of the trigeminal nerve There is evidence that stimulation of the trigeminal ganglion releases substance P in the eye and tooth pulp in the cat3 14 and increases pulp blood flow. '4 Capillary transudation is increased in the trigeminal distribution by stimulation of the rat trigeminal ganglion. '5 What is the most likely mechanism for the sustained flush in man? It is unlikely to be the result of a centrally-mediated reflex since we observed the flushing response in a patient with previous section of that part of the trigeminal root containing fibres from divisions in which the flush appeared. It could not be the release of tonic sympathetic vasoconstriction because the only demonstrable connection between the sympathetic nervous system and the trigeminal nerve in man is a branch of the internal carotid nerve which runs briefly with the sixth cranial nerve before being distributed solely to the first trigeminal division. '6 It is unlikely that it depends on the antidromic release of vasodilator substances from trigeminal nerve terminals responsible for pain sensibility7 since a flush of equal intensity was observed after re-operation on patients with analgesia from previous surgery in whom a substantial proportion of pain fibres must have degenerated. Facial flushing may have resulted from spread of stimulation to the greater superficial petrosal nerve which lies in close proximity to the Gasserian ganglion in man, '7 although it is difficult to see how the flush could be limited to the distribution of only one or two divisions of the trigeminal nerve if this were the case. The possibility remains that the flush may depend on antidromic release of chemical transmitters such as substance P from large diameter fibres or pain fibres which survive thermocoagulation. No inference can be drawn from the failure of preliminary electrical stimulation to alter vascular pulsations in our patients since only low-frequency pulses (5/sec) were used. Further elucidation of the mechanism will depend on animal experimentation.
A practical application of the techniques employed in this study would be to monitor the distribution of vasodilatation at operation, since surgeons usually wish to avoid implicating the first division. Photoplethysmography would be preferable to thermography for this purpose because it is simpler, cheaper, and detects the onset of vasodilatation before a visible flush appears. 
